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1
TREATMENT TABLE SYSTEM

TECHNICAL FIELD

The present invention relates to a treatment table system
used for a particle beam therapy system, and particularly
relates to a treatment table system for facilitating employ-
ment of diagnosis by a diagnostic 3D 1imaging unit for particle
beam therapy.

BACKGROUND ART

Conventional radiation therapy using X-rays or gamma
rays, which 1s a widely used treatment method, provides a

high dose of radiation to a human body regardless of the depth
from the skin surface, and thus the radiation affects normal

cells betore 1t reaches a lesion. On the other hand, particle
beam therapy which uses proton beams or heavy charged

particle beam 1s characterized 1n that a dose of the particle
radiation reaches 1ts peak at a predetermined depth from the
skin surface of a human body, and thus enables intensive
irradiation of a lesion while mimmizing damages of normal
cells, which 1s an effective treatment method.

However, a particle beam therapy system 1s a large-size
apparatus that irradiates a lesion with high energy charged
particle beams emitted from a large-size accelerator. Thus,
the arrangement of equipment relating to the beam delivery
system 1s determined uniquely, and a radiation port including
a radiation aperture for emitting particle beams cannot be
arranged arbitrarily.

A diagnostic 3D 1maging unit, which 1s typified by a CT
device, 1s preferably used for diagnosis of positioning of a
lesion having a three-dimensional shape. However, 1t 1s dii-
ficult to arrange the particle radiation port so as not to inter-
tere with the large-size diagnostic 3D imaging unit. Accord-
ingly, in order to employ diagnosis by the diagnostic 3D
imaging unit for the particle beam therapy, the following
procedure has been necessary: a lesion 1s positioned 1n a
treatment table of the diagnostic 3D 1maging unit; a treatment
plan 1s prepared based on the positioning; a subject 1s moved
to a treatment table of the particle beam therapy system; the
lesion 1s positioned again; and treatment 1s then performed.
Thus, the positioming accuracy has been low.

Described below 1s an example of a conventional treatment
table (couch) system which enables positioning using a com-
mon couch without requiring a subject to move between
different treatment tables of a plurality of apparatuses such as
a diagnostic apparatus and a treatment apparatus.

This system 1s provided with a couch used in common for
a plurality of medical apparatuses, means for supporting the
couch so as to be moved 1n one direction of three-dimensional
directions, and means for controlling the movement of the
couch 1n the one direction thereby to individually position a
subject to an 1socenter of each of the plurality of medical
apparatuses. The positions of the respective 1socenters of the
plurality of medical apparatuses, with respect to the remain-
ing two directions of the three-dimensional directions, are set
identical to one another (see Patent Document 1, for
example).
| Patent Document 1] Japanese Laid-Open Patent Publication

No. 2005-52308

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

In the treatment table system disclosed in above Patent
Document 1, after a lesion 1s positioned to the 1socenter of a
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diagnostic 3D imaging unit or the like, the treatment table 1s
moved with a simple operation, and then the lesion 1s posi-
tioned to the 1socenter of a treatment apparatus. However, to
position the lesion to the 1socenters, positioning of a radiation
port 1n the treatment apparatus 1s required in addition to the
positioning based on the treatment table. Thus, the system
cannot be applied to such a particle beam therapy system 1n
which the position of the radiation port 1s fixed.

The present invention 1s made to solve the above problem,
and 1s mtended to provide a treatment table system which
employs diagnosis by a diagnostic 3D 1maging unit for par-
ticle beam therapy and allows easy and highly accurate posi-
tioning of a lesion relative to 1socenters.

Solution to the Problems

A treatment table system according to the present invention
1s a treatment table system for a particle beam therapy system
which employs 3D imaging diagnosis for particle beam
therapy 1n which a lesion of a subject 1s 1rradiated with high
energy charged particle beams emitted from an accelerator.
The treatment table system 1ncludes: a top board on which the
subject 1s placed; a lesion positioner system which supports
and moves the top board thereby to position the lesion to an
1socenter of the particle beam therapy system; and a treatment
table moving mechanism which moves a treatment table pro-
vided with the lesion positioner system and the top board
between a diagnosis position in a diagnostic 3D imaging unit
and a treatment position relative to the particle beam therapy
system. When the treatment table 1s 1n the diagnosis position
in the diagnostic 3D 1maging unit, the lesion positioner sys-
tem sets an 1socenter of the diagnostic 3D 1maging unit as a
virtual 1socenter of the particle beam therapy system, and
positions the lesion to the virtual 1socenter, based on an 1image
of the lesion obtained by the diagnostic 3D imaging unit, 1n
consideration of particle beam therapy based on a position of
a particle radiation port and a direction of particle radiation 1in
the particle beam therapy system. The treatment table moving
mechanism moves the treatment table to the treatment posi-
tion relative to the particle beam therapy system while main-
taining states of the top board and the lesion positioner system
at a time of positioning when the lesion 1s positioned to the
virtual 1socenter, thereby to position the lesion to the 1socenter
of the particle beam therapy system.

Ettect of the Invention

The treatment table system according to the present inven-
tion employs a treatment table for both the 3D 1maging diag-
nosis and the particle beam therapy, and allows positioning of
a lesion to an 1socenter of the particle beam therapy system
casily and highly accurately only by moving the treatment
table to the patient position of particle beam therapy while
maintaining the state of the positioned lesion based on a result
of diagnosis by the diagnostic 3D 1maging unit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram 1illustrating a schematic structure of a
treatment table system according to Embodiment 1 of the
present mvention, used for a 3D 1maging diagnosis and for
particle beam therapy.

FIG. 2 1s a diagram 1illustrating a lesion positioner system
of the treatment table system according to Embodiment 1 of
the present invention.

FIG. 3 15 a side view of the treatment table system 1llus-

trated in FIG. 1.
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FI1G. 4 1s a diagram 1llustrating a structure of an accelerator
used for the particle beam therapy according to Embodiment

1 of the present invention.

FI1G. 5 1s a diagram 1illustrating a structure and operation of
a treatment table moving mechanism of a treatment table
system according to Embodiment 2 of the present invention.

FIG. 6 1s a diagram 1llustrating a structure and operation of
the treatment table moving mechanism of the treatment table
system according to Embodiment 2 of the present invention.

FI1G. 7 1s a diagram 1llustrating a structure and operation of
the treatment table moving mechanism of the treatment table
system according to Embodiment 2 of the present invention.

FIG. 8 1s a diagram 1llustrating a structure and operation of
the treatment table moving mechanism of the treatment table
system according to Embodiment 2 of the present invention.

FI1G. 9 1s a diagram 1llustrating an operation of a treatment
table moving mechanism of a treatment table system accord-
ing to Embodiment 3 of the present invention.

FI1G. 10 1s a diagram 1llustrating an operation of a treatment
table moving mechanism of a treatment table system accord-
ing to another example of Embodiment 3 of the present inven-
tion.

BEST MODE FOR CARRYING OUT TH.
INVENTION

L1

Embodiment 1

Hereinatter, a treatment table system according to Embodi-
ment 1 of the present invention will be described with refer-
ence to drawings. FI1G. 1(a) and FI1G. 1(d) are each a top view
illustrating a schematic structure of the treatment table sys-
tem according to Embodiment 1 of the present invention. In
addition, F1G. 2(a) and F1G. 2(b) each 1llustrate a side view of
the treatment table system 1llustrated in FIG. 1(a) and FIG.
1(b). Particularly, FIG. 1(a) and FIG. 2(a) each 1llustrate a
treatment table 5 arranged in a 3D 1maging diagnosis posi-
tion, whereas FIG. 1(b) and FIG. 2(b) each illustrate the
treatment table 5 arranged 1n a patient position of particle
beam therapy.

As shown i1n the drawings, the treatment table system
includes a treatment table 5 which 1s provided with: a top
board 2 on which a patient 1, 1.e., a subject 1s placed; a first
lesion positioner system 3 and a second lesion positioner
system 6 which support the top board 2 and move the top
board 2 for positioning the lesion A; and a treatment table
moving mechanism 4 arranged under the first lesion posi-
tioner system 3. Further, the system includes a control umit
(not shown) which controls the first and second lesion posi-
tioner systems 3 and 6, and the treatment table moving
mechanism 4.

The first lesion positioner system 3 1s formed of a plurality
of members 3a to 3c. The first lesion positioner system 3
supports the top board 2, and also moves the top board 2,
based ona combination of any of movements 1n a longitudinal
direction, 1n a lateral direction, 1n a rotation direction about an
axis along the longitudinal direction, and 1n a rotation direc-
tion about an axis along the lateral direction, thereby to posi-
tion the lesion A relative to the directions other than a vertical
direction. The second lesion positioner system 6 1s configured
with a support leg 6. The support leg 6 moves the top board 2
in the vertical direction by expanding and contracting verti-
cally, thereby to position the lesion A relative to the vertical
direction.

The treatment table moving mechanism 4 moves the treat-
ment table 5 between a diagnosis position in the diagnostic
3D imaging unit 16 and a treatment position relative to the
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particle beam therapy system, and 1s driven independently
from the first and second lesion positioner systems 3 and 6.
The treatment table moving mechanism 4 1s configured with
a turntable 4a, and a seat 45 which 1s arranged on the turntable
da thereby to rotate integrally with the turntable 4a. The
treatment table moving mechanism 4 1s arranged under the
first lesion positioner system 3 to support the first lesion
positioner system 3. The treatment table moving mechanism
4, the first lesion positioner system 3, and the top board 2 are
rotated integrally, whereby the treatment table 5 1s moved.

As shown in FIG. 1(a) and FIG. 2(a), when the treatment
table 5 1s 1n the diagnosis position in the diagnostic 3D 1imag-
ing unit 16, an 1socenter of the diagnostic 3D 1maging unit 16
1s set as a virtual 1socenter 7 of the particle beam therapy
system, and the lesion A 1s positioned to the virtual 1socenter
7 by the first and second lesion positioner systems 3 and 6. In
this case, the diagnostic 3D 1imaging unit 16 1s arranged 1n a
position that keeps the apparatus 16 from interfering with a
radiation port 9 including a particle radiation aperture 9a of
the particle beam therapy system.

Positioning of the lesion A to the virtual 1socenter 7 1s
performed in consideration of the particle beam therapy, and
thus corresponds to an operation of positioning, necessary for
particle beam therapy, to the 1socenter 8 of the actual particle
beam therapy system. Thus, in consideration of the particle
beam therapy based on the position of the particle radiation
aperture 9a which 1s fixed, and on the direction of particle
radiation, the top board 2 1s moved by using any of the
movements in the longitudinal direction, 1n the lateral direc-
tion, and 1n the vertical direction, and in addition using a roll
angle adjustment for a movement in the rotation direction
about the longitudinal direction axis, and a pitch angle adjust-
ment for a movement in the rotation direction about the lateral
direction axis, whereby the lesion A 1s positioned. The virtual
1socenter 7 1s the 1socenter of the diagnostic 3D 1imaging unit
16, and 1s thus positioned based on a three-dimensional diag-
nostic 1mage taken by the diagnostic 3D 1maging unit 16,
which allows highly accurate positioning based on the three-
dimensional shape of the lesion A.

FIG. 3(a), FIG. 3(b), and FIG. 3(c) are side views from
three directions, each illustrating an operation by the first
lesion positioner system 3.

The member 3a of the first lesion positioner system 3
performs the roll angle adjustment (see FIG. 3(a)) and the
pitch angle adjustment (see FI1G. 3(b)) to the top board 2. The
member 3b moves the top board 2 together with the member
3a 1n the longitudinal direction (see FIG. 3(b)), and the mem-
ber 3¢ moves the top board 2 together with the members 3a
and 35 1n the lateral direction (see FIG. 3(¢)).

The treatment table moving mechanism 4 moves the treat-
ment table 5 to the treatment position relative to the particle
beam therapy system while maintaining the state of the top
board 2, and the first and second lesion positioner systems 3
and 6 obtained at the time when the lesion A 1s positioned to
the virtual 1socenter 7, whereby the state illustrated 1n FIG.
1(b) and FIG. 2(b) 1s obtained. That 1s, the lesion A positioned
to the virtual 1socenter 7 1s moved and positioned to the
1socenter 8 1n the particle beam therapy system. In this case,
the treatment table 5 1s rotated by 180 degrees about a rotation
axis 10 which passes through a midway point between the
virtual 1socenter 7 and the 1socenter 8. The center of the
turntable 4a 1s located on the rotation axis 10. Note that the
support leg 6 arranged under the turntable 4a does not rotate
but 1s fixed, and has a symmetric shape relative to the rotation
axis 10.

When the treatment table 5 1s to be moved, the diagnostic
3D mmaging unit 16 1s removed backward so as not to hinder




US 8,550,711 B2

S

the movement of the treatment table 5. Note that 1n FIG. 1(a)
and FIG. 1(b), the radiation port 9 1s located close to the
treatment table 5 for convenience. However, the radiation port
9 15 fixed to a wall surface of the treatment room so as not to
hinder the rotation of the treatment table 6.

After the lesion A 1s positioned to the 1socenter 8 of the
particle beam therapy system, the particle beam therapy sys-
tem emits particle beams from the particle radiation aperture
9a thereby wrradiating and treating the lesion A with the
beams.

The particle beam therapy apparatus 1s provided with: a
large-size accelerator 20; a transport system which introduces
charged particle beams emitted from the accelerator 20 into a
treatment room; and a beam delivery system which appropri-
ately irradiates the lesion A with the particle beams which are
the charged particle beams having been supplied, and the
particle beams are emitted from the radiation aperture 9a.
FIG. 4 1s a diagram 1llustrating a schematic structure of the
accelerator 20. As shown in the diagram, accelerated particles
are outputted, as the charged particle beams, from an 10n
source 21, and are accelerated to a certain level of energy by
a linear accelerator 22. Such accelerated beams are inputted
from an injector 23a to a circular trajectory. The charged
particle beams pass through an acceleration cavity 24 each
time they travel along the circular trajectory, and are accord-
ingly accelerated, and thereby the energy 1s increased. Along
with the acceleration, the magnetic field 1s increased so that
the charged particle beams travel along the same circular
trajectory. When the charged particle beams have reached a
maximum energy level, the charged particle beams are out-
putted to the outside of the circular trajectory from a beam
extraction system 23b.

In this embodiment, when the treatment table 5 1s in the
diagnosis position in the diagnostic 3D 1maging unit 16, the
first and second lesion positioner systems 3 and 6 set the
1socenter of the diagnostic 3D 1maging unit 16 as the virtual
1socenter 7 of the particle beam therapy system 1n consider-
ation of the particle beam therapy, and position the lesion A to
the virtual 1socenter 7, based on an 1mage of the lesion A
obtained by the diagnostic 3D imaging unit 16. The position-
ing 1s not only based on any of the movements 1n the longi-
tudinal direction, 1n the lateral direction, and 1n the vertical
direction, but also based on the roll angle adjustment which 1s
the rotational movement about the axis along the longitudinal
direction and on the pitch angle adjustment which 1s the
rotational movement about the axis along the lateral direc-
tion.

In a usual 3D 1imaging diagnosis, when the lesion 1s posi-
tioned to the 1socenter of the diagnostic 3D 1imaging unit, 1t 1s
unnecessary to perform the roll angle adjustment which is the
rotational movement about the axis along the longitudinal
direction and the pitch angle adjustment which i1s the rota-
tional movement about the axis along the lateral direction to
a couch where a subject 1s placed. The couch 1n the diagnostic
3D 1maging unit does not have such a positioner system.

In the treatment table system according to this embodi-
ment, the lesion A 1s positioned to the virtual 1socenter 7 in
consideration of the particle beam therapy with a particle
beam therapy system in which the position of the radiation
port 9 1s not adjustable. Accordingly, 1t 1s possible to perform
positioning, necessary for the actual particle beam therapy, to
the 1socenter 8 of the particle beam therapy system. In addi-
tion, the positioning 1s performed based on a diagnostic image
obtained through the 3D 1maging diagnosis by the diagnostic
3D mmaging unit 16, and thus the positioming can be per-
formed highly accurately based on the three-dimensional
shape of the lesion A. Further, 1t 1s possible to locate the

10

15

20

25

30

35

40

45

50

55

60

65

6

diagnostic 3D imaging unit 16 1n a manner as not to intertere
with the radiation port 9 of the particle beam therapy system,
and thus can be applied to existing particle beam therapy
systems thereby to position the lesion A to the virtual 1s0-
center 7.

Moreover, the treatment table moving mechanism 4 moves
the treatment table 5 to the treatment position relative to the
particle beam therapy system, while maintaining the states of
the top board 2, and the first and second lesion positioner
systems 3 and 6 obtained at the time when the lesion A 1s
positioned to the virtual 1socenter 7. The treatment table mov-
ing mechanism 4 1s driven independently from the first and
second lesion positioner systems 3 and 6, and thus the states
of the top board 2, and the first and second lesion positioner
systems 3 and 6 can be maintained when the treatment table 5
1s moved by the treatment table moving mechanism 4.
Accordingly, 1t 1s possible to maintain the accuracy 1n posi-
tioning the treatment table 5 between the diagnosis position
and the treatment position, and also possible to prevent
changes 1n the states, such as deflection and deformation, of
the top board 2, and the first and second lesion positioner
systems 3 and 6 when they are in the diagnosis position, in the
treatment position, and even being moved from the diagnosis
position to the treatment position. Theretfore, 1t 1s possible to
prevent a change 1n a body posture of the subject 1 or a
movement of the organs, and the lesion A can be positioned to
the 1socenter 8 of the particle beam therapy system highly
accurately. Note that the support leg 6, which 1s the second
lesion positioner system 6, does not rotate. The support leg 6
has a symmetric shape relative to the rotation axis 10, which
can prevent the changes in the state such as deflection and
deformation between the diagnosis position and the treatment
position.

With only arotational movement of the treatment table S by
180 degrees on a two-dimensional plane, the lesion A posi-
tioned at the virtual 1socenter 7 1s moved to the position of the
isocenter 8 of the particle beam therapy system. That 1s, the
treatment table 5 can be moved easily and simply, and in
addition, the change 1n the body posture of the subject 1 or
movement of the organs can be further effectively prevented.
Moreover, the shape of the treatment table moving mecha-
nism 4 and 1ts relative position 1n the treatment table 5 will not
change between the diagnosis position and the treatment
position, and accordingly, no change i1n the state such as
deflection or deformation of the entire treatment table 5
occurs between the diagnosis position and the treatment posi-
tion. Thus, the lesion A can be further highly accurately
positioned to the isocenter 8 of the particle beam therapy
system.

Note that, in the above embodiment, the 1socenter of the
diagnostic 3D imaging unit 16 1s set as the virtual 1socenter 7
of the particle beam therapy system. However, since the diag-
nostic 3D 1imaging unit 16 1s movable, the virtual 1socenter 7
may be set within the diagnostic coverage of the diagnostic
3D 1maging unit 16, and the diagnostic 3D 1maging unit 16
may be moved so that the 1socenter of the diagnostic 3D
imaging unit 16 coincides with the virtual i1socenter 7.

In this case, under a state where the treatment table 5 1s
arranged 1n the treatment position relative to the particle beam
therapy system, the positional information of the 1socenter 8
1s recorded optically by using a laser pointer, or mechanically
or electronically by using position sensors provided to the
first and second lesion positioner systems 3 and 6, for
example. The treatment table 5 1s then arranged near the
diagnostic 3D 1maging unit 16 by using the treatment table
moving mechanism 4, and the virtual 1socenter 7 1s set within
the diagnostic coverage of the diagnostic 3D 1imaging unit 16,
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based on the above recorded positional information of the
1socenter 8. In this case, the virtual 1socenter 7 1s set such that
the 1socenter 8 and the virtual 1socenter 7 are symmetric about
the rotation axis 10 of the treatment table 5.

Embodiment 2

Hereinatter, a treatment table system according to Embodi-

ment 2 of the present invention will be described with refer-
ence to FI1G. 3 to FIG. 8.

The treatment table moving mechanism 4 of this Embodi-
ment 2 1s different from that of above Embodiment 1. Mean-
while, the top board 2 and the first lesion positioner system 3
are the same as those of above Embodiment 1. The first lesion

positioner system 3 not only supports the top board 2, but also
moves the top board 2, based on a combination of any of the
movements in the longitudinal direction and in the lateral
direction, the rotational movement about the axis along the
longitudinal direction, and the rotational movement about the
axis along the lateral direction, thereby positioning the lesion
A relative to the directions other than the vertical direction.
Note that the top board 2 and the first lesion positioner system
3 are 1llustrated simply for convenience.

The second lesion positioner system 6a formed of a sup-
port leg 6a 1s the same as that of above Embodiment 1 1n that
it expands and contracts vertically, thereby to move the top
board 2 1n the vertical direction. However, the width of the
mechanism 6a 1s wider than that of Embodiment 1.

The treatment table moving mechanism 4 1s located under
the first lesion positioner system 3 and supports the first lesion
positioner system 3. The mechanism 4 1s driven indepen-
dently from the first and second lesion positioner systems 3
and 6a. The mechanism 4 then moves the treatment table 5,
while maintaining the states of the top board 2 and the first
and second lesion positioner systems 3 and 6a obtained at the
time when the lesion A 1s positioned to the virtual 1socenter 7,
between the diagnosis position 1n the diagnostic 3D imaging,
unit 16 and the treatment position relative to the particle beam
therapy system.

Note that FIG. 5(a) and FIG. 5(b) are each a diagram
illustrating the treatment table 5 arranged 1n the 3D 1maging
diagnosis position, whereas FIG. 8(a) and FIG. 8(b) are each
a diagram 1illustrating the treatment table S arranged in the
patient position of particle beam therapy. In addition, FIG.
6(a), FIG. 6(b), FIG. 7(a), FIG. 7(b), and FIG. 8(c) each
illustrate a step of a procedure of moving the treatment table
5 from the 3D 1imaging diagnosis position to the patient posi-
tion of particle beam therapy. Note that FIG. 5(a), FI1G. 6(a),
FIG. 7(a), and FIG. 8(a) are each a top view, and FIG. 5(b),
FIG. 6(b), F1G. 7(b), FIG. 8(b), and FI1G. 8(c) are each a side
VIEW.

As shown in the drawings, the treatment table moving
mechanism 4 1s configured such that Members 4¢ to 4f are
arranged hierarchically in the height direction. Note that the
member 4¢ 1s arranged on the support leg 6a so as to support
the members 44 to 4f thereon, and does not move 1tsell.

As shown 1n FIG. 5(a) and FIG. 5(b), when the treatment
table 5 1s 1n the diagnosis position in the diagnostic 3D 1imag-
ing unit 16, the 1socenter of the diagnostic 3D 1imaging unit 16
1s set as the virtual 1socenter 7 of the particle beam therapy
system, and the lesion A 1s positioned to the virtual 1socenter
7 by using the first and second lesion positioner systems 3 and
6a. The drawings illustrate the state where after the lesion A
1s positioned to the virtual 1socenter 7, the diagnostic 3D
imaging unit 16 1s removed backward to facilitate the move-
ment of the treatment table 5.
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The treatment table moving mechanism 4 moves the treat-
ment table 5 as shown 1n FIG. 6(a) and FIG. 6(b) while
maintaining the states of the top board 2 and the first and
second lesion positioner systems 3 and 6q obtained at the time
when the lesion A 1s positioned to the virtual 1socenter 7. In
this case, the member 4f o the treatment table moving mecha-
nism 4, arranged under the bottom surface of the first lesion
positioner system 3, moves the top board 2 and the first lesion
positioner system 3 integrally to the right in the drawings. As
a result, the dimension of the entire treatment table 5 1n the
longitudinal direction 1s reduced. Note that the member 4f
may be attached to the upper surface of the member 4e placed
therebelow, and 1n this case, the top board 2 and the first lesion
positioner system 3 may be moved integrally by driving the
member 4f.

Next, the treatment table moving mechanism 4 further
moves the treatment table 5 as shown 1n FIG. 7(a) and FIG.
7(b) while maintaining the states of the top board 2, and the
first and second lesion positioner systems 3 and 6a obtained at
the time when the lesion A 1s positioned to the virtual 1so-
center 7. In this case, the member 4e of the treatment table
moving mechanism 4 1s rotationally driven, and the top board
2, the first lesion positioner system 3, and the members 4f and
de are integrally rotated by 180 degrees about the rotation axis
11. This rotational movement can be performed without inter-
tering with the radiation port 9, since the dimension of the
treatment table 5 in the longitudinal direction is reduced in the
preceding step and consequently the radius of the rotation
decreases.

Next, the treatment table moving mechanism 4 further
moves the treatment table 5 as shown 1n FIG. 8(c) while
maintaining the states of the top board 2 and the first and
second lesion positioner systems 3 and 6a obtained at the time
when the lesion A 1s positioned to the virtual 1socenter 7. In
this case, the member 4f o the treatment table moving mecha-
nism 4, arranged under the bottom surface of the first lesion
positioner system 3, moves the top board 2 and the first lesion
positioner system 3 integrally to the right 1in the drawing. The
movement 1s relatively equal to a movement of turning back
the movement shown in FIG. 6(a) and FIG. 6(5).

Next, the treatment table moving mechanism 4 further
moves the treatment table 5 as shown 1n FIG. 8(a) and FIG.
8(b) while maintaining the states of the top board 2, the first
and second lesion positioner systems 3 and 6a obtained at the
time when the lesion A 1s positioned to the virtual 1socenter 7.
In this case, the member 44 of the treatment table moving
mechanism 4 moves the top board 2, the first lesion positioner
system 3, and the members 4f and 4e integrally to the right 1n
the drawing. The lesion A 1s then moved and positioned to the
isocenter 8 of the particle beam therapy system.

In this embodiment, the respective members 44 to 4f of the
treatment table moving mechanism 4 are driven successively
by respectively independent driving mechanisms, and change
the overall shape of the treatment table 5 while the treatment
table 5 1s being moved from the 3D 1maging diagnosis posi-
tion to the patient position of particle beam therapy. The shape
and the relative position, in the treatment table 5, of the
treatment table moving mechanism 4 at the time when the
treatment table 5 has reached the patient position of particle
beam therapy, 1.e., when the lesion A 1s moved to the position
of the 1socenter 8 of the particle beam therapy system, are the
same as those at the time when the lesion A 1s positioned to the
virtual 1socenter 7. Accordingly, the radius of rotation can be
reduced at the time of the rotational movement as described
above, for example. Thus, the degree of freedom of move-
ment can be increased, and consequently the degree of free-
dom 1n designing can be improved.
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In a stmilar manner as above Embodiment 1, the treatment
table moving mechanism 4 moves the treatment table 5 to the

treatment position relative to the particle beam therapy sys-
tem while maintaining the states of the top board 2 and the
first and second lesion positioner systems 3 and 6a obtained at
the time when the lesion A 1s positioned to the virtual 1so-
center 7. The treatment table moving mechanism 4 1s driven
independently from the first and second lesion positioner
systems 3 and 64, and thus when the treatment table moving
mechanism 4 moves the treatment table 5, the states of the top
board 2 and the first and second lesion positioner systems 3
and 6a can be maintained. Accordingly, 1t 1s possible to main-
tain accuracy in positioming the treatment table 5 between the
diagnosis position and the treatment position, and also pos-
sible to prevent changes 1n the states such as deflection and
deformation of the top board 2, and the first and second lesion
positioner systems 3 and 6a when they are in the diagnosis
position, 1n the treatment position, and even being moved
from the diagnosis position to the treatment position.

In addition, as shown 1in FIG. 5 and FIG. 8, the state of the
treatment table 5 in the patient position of particle beam
therapy and that in the 3D i1maging diagnosis position are
180-degree rotationally symmetric about the central axis of
the support leg 6a. Accordingly, the entire treatment table 5 1s
free from changes 1n the state such as deflection and defor-
mation between the diagnosis position and the treatment posi-
tion, and the lesion A can be positioned to the 1socenter 8 of
the particle beam therapy system highly accurately.

Note that such members (support leg 6a, member 4¢) that
do not move 1n the treatment table 5 are each configured to
have a symmetric shape about the movement axis. In this
case, the treatment table 5 1s 180-degree rotationally symmet-
ric about the central axis of the support leg 6a, and thus has a
symmetric shape relative to the axis.

Embodiment 3

The arrangement of the diagnostic 3D imaging unit 16 1s
restricted by the shape or size of the particle beam therapy
room, and thus described below 1s a case where the arrange-
ment of the diagnostic 3D 1imaging unit 16 1s different from
that of each of above Embodiments 1 and 2.

In this Embodiment 3, the configuration of the respective
components 1n the treatment table moving mechanism 4 1s
different from that of each of above Embodiment 1 and 2.
However, the shape and operation of each component 1n the
treatment table moving mechanism 4 are omitted for conve-

nience. Instead, the movement of the treatment table 5 as a
whole will be described with reference to FIG. 9(a) to FIG.

9(c).

Note that FIG. 9(a) 1s a top view of the treatment table 5
arranged 1n the 3D 1imaging diagnosis position, and FI1G. 9(¢)
1s a top view of the treatment table § arranged in the patient
position of particle beam therapy. FIG. 9(b) illustrates a step
ol a procedure of moving the treatment table 5 from the 3D
imaging diagnosis position to the patient position of particle
beam therapy.

As shown 1n FIG. 9(a), the treatment table 5 1s located 1n
the diagnosis position 1n the diagnostic 3D 1maging unit 16
arranged 1n a manner as to face the radiation port 9 emitting
particle beams. In this case, the 1socenter of the diagnostic 3D
imaging unit 16 1s set as the virtual 1socenter 7 of the particle
beam therapy system, and the lesion A 1s positioned to the
virtual 1socenter 7 by using the first and second lesion posi-
tioner systems 3 and 6 (6a).

The treatment table 5 1s then turned clockwise 90 degrees,
in the drawing, about the position of the 1socenter 8 of the
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particle beam therapy system, which corresponds to the state
shown m FIG. 9(b). When the treatment table 5 1s to be
moved, the diagnostic 3D 1imaging unit 16 1s removed back-
ward so as not to hinder the movement of the treatment table

5.

Next, 1n the same manner as above Embodiment 1, the
treatment table 5 1s turned 180 degrees about the rotation axis
10 passing through the midway point between the lesion A
and the 1socenter 8, which corresponds to the state shown 1n
FIG. 9(c). Accordingly, the lesion A 1s moved and positioned
to the 1socenter 8 of the particle beam therapy system.

In this embodiment as well, the treatment table moving

mechanism 4 not shown moves, in the same manner as 1n
above Embodiments 1 and 2, the treatment table 5 to the
treatment position relative to the particle beam therapy sys-
tem while maintaining the states of the top board 2 and the
lesion positioner system obtained at the time when the lesion
A 15 positioned to the virtual 1socenter 7. In addition, the state
of the treatment table moving mechanism 4 at the time when
the lesion A 1s moved to the position of the 1socenter 8 of the
particle beam therapy system 1s the same as the state thereof
at the time when the lesion A 1s positioned to the virtual
1socenter 7. Accordingly, in the same manner as in above
Embodiments 1 and 2, the entire treatment table 5 1s free from
changes 1n the state such as deflection and deformation
between the diagnosis position and the treatment position,
and the lesion A can be positioned to the 1socenter 8 of the
particle beam therapy system highly accurately.

Note that, as shown in FIG. 10, a rail 14 may be laid on the
floor of a treatment room so as to allow parallel displacement
of the whole of the treatment table 1. In this case, after the
treatment table 1s moved in the same manner as the case

shown 1n FIG. 2, the treatment table 5 1s subject to parallel
displacement on the rail 14, and then moved to the treatment
position relative to the particle beam therapy system.

In addition, 1n the above respective embodiments, the treat-
ment table 5 1s supported by the supportleg 6 (6a) from below.
However, the treatment table S may by supported by hanging
from above. In this case as well, the treatment table moving
mechanism 4 1s located under the first lesion positioner sys-
tem 3 and supports the first lesion positioner system 3 thereby
to move the treatment table 5. Accordingly, 1n the same man-
ner as 1n above Embodiments 1 and 2, the entire treatment
table 5 1s free from changes 1n the state such as deflection and
deformation between the diagnosis position and the treatment
position. Thus, the lesion A can be positioned to the 1socenter
8 of the particle beam therapy system highly accurately.

In addition, 1n above Embodiments 1 to 3, after the lesion
A 15 positioned to the virtual isocenter 7, the treatment table 5
1s moved and positioned to the 1socenter 8 of the particle beam
therapy system. However, the lesion A may be positioned to
the 1socenter 8, based on the preceding positioning informa-
tion. In this case, means for storing the positioning informa-
tion of the lesion positioner systems 3 and 6 (6a) 1s provided,
and the lesion A 1s positioned to the 1socenter 8 by using the
previously stored positioning information. Then, based on an
image taken by an X-ray imaging device, which 1s a diagnos-
tic apparatus normally arranged together with the particle
beam therapy system, the position of the lesion A 1s corrected
by using the lesion positioner systems 3 and 6 (6a). Accord-
ingly, when the particle beam therapy 1s performed on a single
lesion A of a subject 1 for a plurality of number of times, the
lesion A can be positioned to the 1socenter 8 easily, quickly,
and highly accurately.

INDUSTRIAL APPLICABILITY

The present invention 1s applicable to a particle beam
therapy system having a low degree of freedom 1n positioning
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the radiation port, for example, to a particle beam therapy
system having a fixed radiation port or that of a gantry type 1n
which a radiation port 1s movable only laterally.

The mvention claimed 1s:

1. A treatment table system for a particle beam therapy
system which employs 3D 1maging diagnosis for particle
beam therapy in which a lesion of a subject 1s irradiated with
high energy charged particle beams emitted from an accel-
erator, the treatment table system comprising:

a top board on which the subject 1s placed;

a lesion positioner system which supports and moves the

top board thereby to position the lesion to an 1socenter of
the particle beam therapy system; and

a treatment table moving mechanism which moves a treat-

ment table provided with the lesion positioner system
and the top board between a diagnosis position 1n a
diagnostic 3D imaging unit and a treatment position
relative to the particle beam therapy system, wherein

the lesion positioner system 1s configured with a plurality

of hierarchically arranged members to move the top
board based on a combination of any of movements in a
longitudinal direction, a lateral direction, a vertical
direction, a rotation direction about an axis along the
longitudinal direction, and a rotation direction about an
axis along the lateral direction,

when the treatment table 1s 1n the diagnosis position in the

diagnostic 3D imaging unit, the lesion positioner system
sets an 1socenter of the diagnostic 3D 1maging unit as a
virtual 1socenter of the particle beam therapy system,
and positions the lesion to the virtual 1socenter, based on
an 1mage of the lesion obtained by the diagnostic 3D
imaging unit, 1n consideration of particle beam therapy
based on a position of a particle radiation port and a
direction of particle radiation of the particle beam
therapy system,

the treatment table moving mechanmism includes a plurality

of members which are driven independently from one
another 1n respective predetermined directions to per-
form rotational movement or translational movement,
and
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the treatment table moving mechanism moves the top

board and the lesion positioner system translationally
such that a central portion of the top board approaches a
rotational axis of the treatment table moving mechanism
in order to reduce the radius of the rotation of the top
board, rotates the top board and the lesion positioner
system, and translationally moves the top board and the
lesion positioner system to the treatment position rela-
tive to the particle beam therapy system, while maintain-
ing states of the top board and the lesion positioner
system at a time of positioning when the lesion 1s posi-
tioned to the virtual 1socenter, thereby to position the
lesion to the 1socenter of the particle beam therapy sys-
tem.

2. The treatment table system according to claim 1, turther
comprising;
means for setting the virtual 1socenter within a coverage of

diagnosis performed by the diagnostic 3D 1imaging unit,
wherein

the 1mage of the lesion 1s an 1mage of diagnosis which 1s

performed by moving the 1socenter of the diagnostic 3D
imaging unit so as to coincide with the virtual 1socenter.

3. The treatment table system according to claim 1,
wherein

the lesion positioner system:

allows the lesion to be positioned to the 1socenter of the

particle beam therapy system, based on the image of the
lesion obtained by an X-ray imaging device;

includes means for maintaining positioning information of

the lesion positioner system; and

under a state where the treatment table 1s 1n the treatment

position relative to the particle beam therapy system,
corrects the position of the lesion, based on the image of
the lesion obtained by the X-ray imaging device after the
lesion 1s positioned to the 1socenter of the particle beam
therapy system, based on the maintained positioning
information.
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